In this study the influence of the different fluorescent brightener Periblanc BA concentrations on the degree of knitted cotton fabric whiteness was investigated. Two consecutive experimental runs were performed. The first was the bleaching of the knitted cotton fabric with hydrogen peroxide using the methods of two and single bath exhaustion while the second was the optical bleaching with fluorescent brightener Periblanc BA using the exhaustion method. CIE Whiteness Index and Tint value were measured on the Color-Eye 3000 spectrophotometer at the standard illuminant D65 
Introduction
Cotton cellulose has excellent properties such as good water and moisture absorbability, being comfortable to wear and easily to dye. For these reasons, the apparel industry is predominantly cotton based, and the share of cotton in total fibre consumption is around 50% [1] .
Cotton is composed almost entirely of cellulose, i.e. 88.0-96% based on the fibre (owf) weight. The impurities in cotton fibre range from 4 to 12% and include protein (1.0-1.9%), wax (0.4-1.2%), ash (inorganic salts) (0.7-1.6%), pectin (0.4-1.2%) and other supstances (resins, pigments, hemi-cellulose) (0.5-0.8%) [2, 3] . The yellowish or brown coloration of the cotton fibre is related to the protoplasmic residues of the protein and flavones pigments of cotton flowers [4, 5] . Apart from these, the loom-state fabric is also contaminated with processing lubricants, such as machine oils, tars, and greases from harvesting, ginning, spinning and weaving (or knitting) [1] . Waxy materials and pectins are responsible for the hydrophobic properties of the raw cotton [6] . Having all this in mind, purification of cotton in the fiber, yarn and fabric forms through removal of such impurities must be done before dyeing, finishing and utilization. With the exception of natural coloring matters that may be removed by bleaching using certain oxidants, other impurities are removed by the alkali treatment in scouring stage which usually involves boiling cotton in sodium hydroxide (2-5%) for 1 h [3, 7] . However, the chemical bleaching method cannot completely remove a small quantity of yellowness.
The fluorescent brighteners (FBs) are essentially colorless fluorescent dyes used for whitening textiles and synthetic polymer materials [8] . Materials treated with FBs obtain a high degree of whiteness, which cannot be achieved by the common bleaching methods. The whiteness is increased by the process of absorption of light in the ultraviolet region (330-380 nm) and the emission of a visible blue light (400-450 nm). An important class of fluorescent brighteners is based on triazine-stilbene, containing different amino and alkoxy derivatives in the triazine ring [9] .
In solutions these FBs have low photo resistance and they are able to isomerize and exist in two isomeric forms [10] . This is because the double ethylene bond in stilbene molecule favors trans-cis isomerization of FBs. The active component of this FBs is trans isomer ((E)-stilben), which is fluorescent, whereas cis isomers ((Z)-stilben) is not.
It is necessary that the fluorescent brightener has a planar molecular structure with conjugated double bonds and electron-donating groups in order to show the high fluorescence activity [11] . The fluorescent brightener currently used in the fiber industry holds higher stability for chemical bleaching since it possesses high quality whiteness and fastness [12] . Since 1886, when they were first used as dyes, disodium 4,4'-diaminostilbene-2,2'-disulfonate derivatives have been the most widely used as the fluorescent brighteners for whitening both cotton and wool [13] [14] [15] [16] [17] .
In this study the influence of the different fluorescent brightener Periblanc BA concentrations on the degree of knitted cotton fabric whiteness was investigated. Knitted cotton fabric was bleached with hydrogen peroxide by the methods of two and single bath exhaustion while the second was the optical bleaching with fluorescent brightener Periblanc BA using the exhaustion method. CIE (International Commission on Illumination) Whiteness Index, CIE Tint and K/S values of the fabric were monitored before and after the bleaching processes. 
EXPERIMENT

Cotton fabric and chemicals
Raw
Scouring
The scouring of the raw knitted cotton fabric was carried out in the following order: 50 g of raw knitted cotton fabric was treated with aqueous solution containing Alviron NMB (1 g/dm 3 ), Lavan OLKC (2 g/dm 3 ) and Na 2 CO 3 (2 g/dm 3 ) using material to liquor ratio (LR) of 1:20 at 50 °C for 10 min. The bath temperature was then gradually raised to 98 °C for 15 min and kept at this temperature for the next 45 min. The fabric was washed with Lavan OLKC, and then neutralized with 1cm 3 /dm 3 acetic acid, washed several times with hot (40 °C) and cold water (20 °C) and finally dried at the ambient conditions.
Bleaching with hydrogen peroxide
Two techniques were performed to bleach the scoured cotton fabric with hydrogen peroxide two and single bath exhaustion. The two bath exhaustion method comprised two steps. In the first step 50 g of the scoured cotton fabric was treated with aqueous solution containing 
Testing methods
CIE Whiteness Index (WI) and Tint value (T) were measured on the Color-Eye 3000
Spectrophotometer at the standard illuminant D65 (Ice-Texicon, d/8, D65/10°). The color strength value (K/S) was calculated using the Kubelka Munk equation [18] :
where R is the reflectance of the dyed fabric at the wavelength of the maximum absorption, K/S is the ratio of the absorption coefficient, K (depending on the dye concentration) refers to the scattering coefficient S, caused by the dyed substrate. . CIE Whiteness Index WI 10 (for CIE 10° standard observer) formulates as shown below [19] :
WI 10 = Y 10 + 800(x n , 10 -x 10 ) + 1700(y n,10 + y 10 )
White samples may have the equal Whiteness Index, but they can be distinguished by tint (because they can have reddish, greennish or neutral tint). For these reasons the method that enables calculation of the tint was developed. CIE Tint T 10 (for 10° standard observer)
formulates as shown below [18] :
T 10 = 900(x n , 10 -x 10 ) -650(y n,10 -y 10 )
Tint values are positive for probes with greenish tint and negative for probes with reddish tint. In this formula Y, x 10 , y 10 are the colorimetric values calculated by using 10° standard observers values under D65 illuminant while x n,10 and y n,10 are the chromaticity coordinates of D65 illuminant belonging to 10° standard observer.
CIE LAB coordinates: L* (lightness), a* (red-green chromaticity index), b* (yellow-blue chromaticity index), C* (chroma) and H* (hue) of the samples were also measured.
RESULTS AND DISCUSSION
The whiteness degree increases with the increase of the FBs concentration. When its maximum is reached whiteness degree drops regardless of the FBs content. The increase of the whiteness degree after the maximum concentration is the result of the fluorescence concentration quenching effect [20] .
The data presented in Tables 1 and 2 (Table 2 ); this sample also had the lowest K/S value (Table 1 ) and the smallest redish tint. Table 1   Table 2 After bleaching with FBs, WI of the cotton fabric samples significantly increased, for both two and single bath exhaustion methods. The highest WI, the lowest K/S values and the smallest reddish tints are generally obtained for the cotton fabric bleached with FB after bleaching with two bath exhaustion method. (Table 3, Table 4 quenching, which occurred after the optimal FB concentration was reached. Table 3 Table 4 The K/S values of the cotton fabric samples bleached with FB after chemical bleaching with single bath method are given in Table 5 and their WI and T values are given in Table 6 . Table 5   Table 6 CONCLUSION The duration of the applied bleaching treatment with fluorescent brightener Periblanc BA is longer than conventional bleaching with hydrogen peroxide using two bath exhaustion and single bath exhaustion method, and it has been revealed that generally almost twice whiteness 
